Background: Body contouring complications after massive weight loss (MWL) vary significantly in frequency and type. Currently, no standardized recommendations exist regarding which complications are most important to report. Objectives: We aim to provide a guideline for complication reporting in the body contouring literature. The Pittsburgh Body Contouring Complication Reporting System (PBCCRS) will aid in risk stratification of body contouring procedures and will decrease under-, over-, and nonreporting of complications. Methods: The authors reviewed the literature for the terms "body contouring," "MWL," and "complications." Elimination criteria included: non-English language, case report, meta-analysis, outpatient, non-MWL, unclear demographics, N <30 and lack of numeric results. Data were analyzed in 2 groups: truncal contouring and extremity contouring. Results: Eighty-nine papers were reviewed and 21 met inclusion criteria. The weighted mean rates as percentages for complications in the extremity group were: dehiscence (29.0), seroma (18
prior to surgery. 5 In addition, comorbidities, including diabetes mellitus and thyroid disease, affect wound healing postoperatively. Thus, the ideal time to perform body contouring surgery is after the patient's comorbidities have been reduced through their weight loss. 6 Despite the high-risk nature of this surgical patient population, current literature in the field of body contouring surgery lacks consensus on how to define complications and on which complications to report. For example, variable reports of "necrosis" as a single category, or separately as "fat necrosis" and "skin necrosis," lead one to question the types of necrosis included in the single category reporting method. In addition, definitions of complications are lacking. For example, there is currently no defined length or width of wound separation which constitutes wound dehiscence; thus, reporting this complication is inherently subjective in nature. The literature also may display reporting bias. Some institutions may report all complications, while others may report those which they consider major, leading to underreporting of small wound separations, office-managed scar revisions, etc. Given this variability, a guideline for complication reporting is now necessary to perform analyses of the literature for this patient group.
In this literature review, we advocate for a universal system for complication reporting in body contouring surgery. We aim to review the literature to determine which complications are often reported. We will then demonstrate heterogeneity in complication reporting. Finally, we will propose an all-inclusive guideline for reporting complications in the massive weight loss (MWL) patient population. The Pittsburgh Body Contouring Complication Reporting System (PBCCRS) aims to help in preventing under-, over-, and nonreporting of complications, allowing for direct comparison and bench-marking of surgical complication rates across institutions.
METHODS
A literature search was conducted in September 2015 using the PubMed database. Keywords used included "body contouring," "massive weight loss," and "complications." A search with these keywords yielded 89 papers, of which all abstracts were viewed.
Studies were eliminated based on the following criteria: fewer than 30 patients, non-English language, and non-MWL. Meta-analyses and case reports were excluded. Studies were published as early as January 2004. Subsequently, the number of relevant studies was reduced to 39.
Full-text articles were retrieved for 37 of the 39 papers, as two articles could not be accessed. Articles were reviewed and eliminated based on the following criteria: non-MWL, outpatient patient populations, unclear demographic information, and lack of reported complications. This screening decreased the number of included studies to 25. These studies were then divided based upon the surgical area of focus into 2 categories: extremity contouring and truncal contouring. Four of the 25 final studies focused on total body contouring surgery or multiple procedure surgeries, and these were not analyzed due to confusion with determining site of complication ( Figure 1 ).
Data Extraction and Statistical Analysis
Data extracted from each paper included source, number of patients, maximum BMI, preoperative BMI, weight change, and information regarding a number of complications including: seroma, hematoma, dehiscence, infection, necrosis, deep venous thrombosis (DVT) or pulmonary embolism (PE), lymphedema, and death (Table 1) . 1, 2, 5, [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] Complications were extracted as the number of Figure 1 . The original pool of publications was narrowed based on elimination criteria. Twenty-one publications were used in the final data analysis. complications occurring and were converted to percentage in the total patient population, rather than number of complications per total complications. As seen in a previous meta-analysis published by Carloni et al, data pertaining to risk factors for the development of postoperative complications, including BMI indices, were often inadequate. 25 Weighted mean averages were calculated for each complication within each of group, and minimum and maximum complication percentages were recorded. A paired t test was conducted to determine if the rate of each complication varied in the extremity group compared to the truncal group. 
Validation
Four medical students, one body contouring fellow, two plastic surgery residents, and one attending physician were selected to perform a validation of the Pittsburgh Body Contouring Complications Reporting System. These individuals were either members of the plastic surgery interest group at the University of Pittsburgh School of Medicine, or were known to the author as members of the Plastic Surgery Department. Ten mock patient profiles were created and consisted of basic demographic information, a preoperative history and physical, past medical history, and one to 5 follow-up appointments, during which the patient developed one or several complications. Participants read each scenario and recorded appropriate data, based upon the PBCCRS. Reviews were performed independently. This included maximum and current body mass index, age, comorbidities, and complications. For each complication, participants recorded the associated operation(s), severity, and management. Results of the validation demonstrated high congruence in reported complications and severity. Congruence remained high with the more complicated patient scenarios, which involved multiple or overlapping complications, "global" complications, or multiple operations. Our reporting system was updated to reflect minor incongruences. Participants across multiple levels of training were able to extract complication information using the PBCCRS.
RESULTS
Rates of complications were highly variable in the current massive weight loss body contouring literature, with complications including dehiscence, seroma, and infection occurring most often (Table 2 ). This is demonstrated by wide ranges of complication incidence across the literature (Figures 2-3 ). In addition, low and high incidences of different complications often arose from the same institution or paper, suggesting variability in frequency and protocol for complication reporting at separate institutions. 7, 8 When comparing extremity to truncal body contouring surgery, rates of complications were not significantly different at a P-value of <0.05, apart from DVT/PE, which occurred more frequently in truncal contouring surgery (Figure 4 ). Some complication rates which were seldom reported may be an inaccurate representation of the true complication rate across institutions. These complications include hematoma, necrosis, DVT/PE, lymphedema, and death. Unless an institution explicitly reported a complication rate to be zero, data were not able to be extracted for the complication.
DISCUSSION
The current massive weight loss body contouring literature lacks consensus on how to define and when to report postoperative complications, as demonstrated by the wide variability in reported complication rates. The Pittsburgh Body Contouring Complications Reporting System is an all-inclusive guideline which aims to standardize complication reporting, such that complication rates can be compared across multiple institutions. With the utilization of our complication reporting system, surgeons can provide better preoperative counseling to their patients, including stratification of complications based upon management and severity. Ultimately, this will result in the development of more appropriate expectations of the postoperative period and increased postoperative patient satisfaction.
Although the National Surgical Quality Improvement Program (NSQIP) offers an electronic reporting system for postoperative complications, we feel that this reporting system both inadequately reflects the patient's experience with the development of complications and fails to capture important differences between the body contouring patient and the patient undergoing a general surgery operation. For example, NSQIP categorizes wound infections based upon depth of infection, including superficial, deep, and involving the organ space. In body contouring surgery, wound infections rarely extend into the organ space. Additionally, NSQIP reporting includes complications within 30 days following surgery. Management of complications in the body contouring patient may extend beyond this time period-for example, delayed closure of an incision following attempts with local wound care or surgical removal of a chronic seroma cavity. Wound care extending beyond 30 days represents a burden for the patient and should be reported. Finally, several complications which are commonly seen in the massive weight loss body contouring patient are not addressed by NSQIP, including seroma, hematoma, and suture extrusion, amongst others. 
The Pittsburgh Body Contouring Complication Reporting System
The PBCCRS (Appendices A and B, available as Supplementary Material online at www.aestheticsurgeryjournal.com) is an all-inclusive system which requires reporting of major as well as minor complications, and of complications which have incidence rates of zero percent. Its goal is to prevent under-, over-, and nonreporting of complications. In addition, complications which exhibit overlap are reported as 2 individual complications. For example, skin necrosis is often associated with wound dehiscence. If a patient experiences the two complications together, both necrosis and dehiscence should be reported separately. Similarly, it is not uncommon for a seroma or hematoma to become infected over time. These complications should also be reported separately. By reporting both complications separately, a physician does not need to decide which concurrent complication to report, thus decreasing subjectivity in reporting. We advocate for reporting of complications in terms of total number of events, rather than reporting rates as a percentage. Though studies typically explain how percentages are derived, there is variability in terms of whether rates were reported as a percentage of all complications or as a percentage of all patients or procedures. Reporting complication rates as a percentage may lead to elevated or diminished institutional rates when viewed by a less careful or experienced reviewer.
The PBCCRS requires recording of procedure, comorbidities, and BMI indices. In addition, we suggest reporting each area operated upon as a separate procedure. For example, an upper body lift may be separated into the following individual procedures: breast lift, upper back lift, and brachioplasty. According to Coon et al, this does not lead to overreporting of complications. In fact, complications associated with each individual part of the operation are additive and total similarly to reported complication rates for the procedure as a whole. 26, 27 Complications including DVT/PE and death are considered global complications, and, thus, when resulting from a multiple component procedure the complication should be reported once with all operative components identified. Concomitant liposuction should be identified. In a study by Schmidt et al significantly lower rates of seroma and dehiscence were observed in patients undergoing vertical medial thighplasty with concomitant liposuction, compared to those undergoing vertical thighplasty without liposuction. 28 Other articles share conflicting views. 9, 29 In recognition that clinically important complications are those which lead to functional impairment, readmission, or return to the operating room (OR), the PBCCRS requires stratification of complications by management. With this method of reporting, one can determine how often clinically relevant complications are occurring at their individual institution, and how one's institution compares to others across the country and world. For the most part, minor complications refer to those which are managed conservatively or in office, and can include suture extrusion, scarring irregularities, and infection requiring oral antibiotics. Major complications consist of those which require either long-term care or further care within the hospital setting. Reoperation is considered major in all cases. This is due to the financial, emotional, and physical burden which unplanned reoperation places upon the patient. 30 Additionally, reoperation burdens the health system due to costs associated with OR time, physician compensation, and lengthened hospital stays.
In the following subsections, reporting of each complication will be further elucidated upon.
Wound Dehiscence
Dehiscence is the most common postsurgical complication in both truncal and extremity body contouring surgery, with rates of 15.41% and 29.04%, respectively. Incidence of dehiscence had the largest range in reported complication rates across the literature, with a range of 4.9% to 50.9% for extremity contouring and a range of 1.3% to 26.6% for truncal contouring. This suggests that institutions have varying criteria for when to report dehiscence, likely based upon length or width of separation. It is unlikely that the levels of skill at institutions with the same criteria for complication reporting vary widely enough to explain a roughly 50% difference between complication rates.
In the PBCCRS, dehiscence is defined as any length or width of wound separation, not including suture extrusion. Minor dehiscence includes superficial wound separations which are reclosed in the office or managed with dressing changes. Dehiscence is considered major when the separation results in loss of integrity of the wound closure. This may require emergent closure or planned reoperation.
Suture Extrusion
Suture extrusion is common the massive weight loss body contouring population. It is not reported in the body contouring literature, and is occasionally reported as a complication in the literature for other surgical subspecialties. If patients are counseled on the high risk of suture extrusion during the postoperative period, they are more likely to accept this as a typical component of this time period. 31 Suture extrusion is considered minor when management includes observation, suture removal, or treatment with silver nitrate. It is considered major only when it leads to formation of a sinus tract requiring operative removal.
Seroma
Development of a seroma is a particularly common postoperative complication in the literature, with mean weights of 13.1% in truncal contouring and 18.64% in extremity contouring. One explanation for this high incidence is the association between weight of skin resected and risk of development of seroma. For each pound of skin excised, the rate of seroma development increases by 9%, per Shermak et al. 13 The same study found that the rate of seroma increased by 5% for each unit increase in BMI at the time of plastic surgery. This suggests that rates of seroma are lowest when a patient is at their lowest weight; however, weight instability is associated with increased wound healing problems-thus, there is a fine balance surrounding the optimal time at which surgical intervention is most appropriate.
In our reporting system, seroma is considered to be major when management requires operative debridement. In addition, seroma is considered major when it becomes chronic, requiring in-office aspirations for more than 2 months. Minor seroma includes that which managed with drain placement or needle aspiration. Seromas often become infected, in which case both complications should be reported separately and stratified based upon management. Likewise, when seroma leads to unfavorable scarring including contour irregularity, these should also be reported as separate events.
Scarring
"Unfavorable" scarring is an inherently subjective phenomenon, although the data in the current literature do not reflect this. Rates of scarring ranged from 12.9% to 16.98% with a mean rate of 14.94% for extremity body contouring surgery. For truncal contouring surgery, rates ranged from 1.45% to 4.69% with a mean rate of 2.93%. Several reasons may explain the differing rates between extremity and truncal contouring surgery. Visibility of scars in extremity contouring likely lead to increased reporting of the complication. Arms tend to form thicker scars which may require treatment with steroid injections. These scars also tend to remain erythematous for a longer period of time. Similarly, scars in the axilla tend to be thicker and more bothersome to the patient. Patients are likely interested in aesthetic as well as functional outcomes. Thus, it is important that a physician be able to offer accurate rates of scarring which require intervention either across multiple institutions or for their practice itself.
In the PBCCRS, scarring is always considered to be a minor complication, since most scar revisions occur in office or at the request of the patient. This complication is further stratified based upon management including: unfavorable scars requiring steroid injection or office revision, and unstable scarring requiring office revision. This includes removal of redundancy at the ends of an incision, also known as "dog ears," in the office.
Infection
In a publication by Coon et al, significantly more wound infections arose in patients with larger maximum BMI. 32 With increasing prevalence of obesity and morbid obesity in the general population, infection risk is likely also increasing. Infection ranges from superficial infection to abscess formation and bacteremia. While some infections can be treated on an outpatient basis with oral or topical antibiotics, others require admission to the hospital and/or intravenous (IV) medication.
As with other complications, infection is considered minor when management requires office debridement, oral antibiotics, or topical antibiotics. Major infections include those which require operative debridement or IV antibiotics.
In many cases, a primary source of infection can be identified. When this is the case, one should report the complication along with the specific operation associated with the primary site. Sometimes, a primary source is difficult to identify, as can be the case with urinary tract infections or bacteremia. When multiple concomitant procedures are performed during a single operative event, and this results in an infection without a primary source, all conducted procedures should be listed when reporting the complication.
Hematoma
The rate of hematoma in the literature is low, with mean rates of 3.5% and 6.38% in extremity and truncal contouring surgery, respectively. Several factors drive development of hematoma postoperatively including completion of multiple procedures within a single operation. Unlike seroma, increased weight loss, including that which exceeds 40% of original body mass, does not lead to increased rates of hematoma, although it is unclear whether increased weight loss decreases the rate of hematoma. 11 In the Pittsburgh Body Contouring Complication Reporting System, return to the operating room deems a hematoma a major complication. Conservative management, including "watchful waiting" or in-office aspiration suggests a minor hematoma. Hematoma of all sizes should be reported.
Necrosis
Necrosis of the skin and fat is rarely reported in the current literature, despite being an important cause of morbidity in this surgical population. Only one extremity paper explicitly reported this complication. Though it is likely that some institutions had complication rates of zero percent, this cannot be assumed. The rates of skin necrosis have been related to multiple conflicting factors, including BMI >30, long duration of weight loss, rapid weight loss, and increased amount of tissue resected, implying that the ideal patient in terms of risk of development of necrosis is difficult to find. 12 Thus, most patients undergoing body contouring surgery are at elevated risk for development of this complication. It is important to record this complication in the literature, even when one's institution has a rate of zero.
In addition, necrosis includes both fat and skin necrosis, though skin necrosis has the potential to lead to worse adverse sequelae compared to fat necrosis. In the current literature, it is often unclear which subtypes of necrosis are included in the reported complications. Some institutions report skin necrosis separately from fat necrosis, while others use one category-necrosis. Since fat necrosis is considered by most to be a minor complication, it is difficult to accurately compare complication rates across the literature. Some institutions may not report fat necrosis, while others may, leading to variable complication rates.
Following the trend seen with other complications, necrosis should be stratified as either major or minor and as skin or fat necrosis when reporting using the PBCCRS. Necrosis is a major complication when operative debridement is required. Conversely, it is considered minor when management includes office debridement or other nonoperative treatment.
Lymphedema and Extremity Edema
Lymphedema is seldom reported in the literature, but is an important late complication, which is especially distressing to patients. Swelling is more commonly seen in the upper extremities than in the lower extremities. 33 Compared to other complications, treatment of lymphedema requires extensive therapies and treatments to obtain a cure.
In the PBCCRS, lymphedema is considered major when management lasts for longer than 6 months. It is considered minor when the patient requires care for less than 6 months.
DVT/PE
DVT/PE is considered by most to be a major adverse postsurgical event. Though reported rates of thromboembolic events are low in the literature, this has occurred in at least one-third of all practices at some point, with 7% of surgeons reporting a patient death from PE, according to Griffin et al. 8 Three postulated reasons for DVT/ PE prevalence in this patient population include surgical positioning, length of procedure, and elevated BMI. Despite the potential consequences of this complication, including death in extreme scenarios, DVT/PE is rarely explicitly reported in the literature-thus making it difficult to determine whether the rate of DVT/PE at an institution is truly zero or simply unreported. In the PBCCRS, the total number of thromboembolic events must be reported because of the correlation with multiple adverse events. Our reporting system considers this complication to be major.
Formation of a DVT or PE is considered a global complication and when resulting from multiple procedures as part of a single operation, all body areas upon which the surgeon operated should be reported.
Death
All deaths directly attributable to the surgical procedure or complications occurring as a result of surgical intervention should be reported. Although the risk of death is very low, due to screening out of high-risk surgical candidates, this major complication still occurs. In the event of death of a patient, both the death, and if applicable, any complication preceding the death, should be reported.
Death is a global complication. When multiple procedures are conducted during one operative event, and the patient subsequently dies, it is usually impossible to trace the death to a specific component of the operation. Thus, all portions should be identified when reporting this complication.
Postoperative Pain
Although pain is a universal complaint following any surgical procedure, it is considered a postoperative complication in some cases. Many surgeons prescribe narcotic pain medication postoperatively; however, pain becomes a complication when patients require narcotic pain medication that is outside of the physician's normal prescribing patterns. When this lasts for less than 3 months, the pain is considered a minor complication. When the narcotic use extends beyond 3 months, then pain is considered to be a major complication. Additionally, when patients' pain requires referral to a pain clinic, this is considered a major complication of surgery.
Postoperative pain is often associated with the incision line. In the case that the pain is diffuse or not associated with a specific incision line, one should consider the pain global. Thus, when reporting this complication, one should report all concomitant operations or body areas.
Limitations
While the Pittsburgh Body Contouring Complication Reporting System can be applied to multiple surgical specialties as a means of tracking postoperative complications, it does not account for differences between medical systems in different countries, where management of complications may differ, especially in regards to inpatient vs outpatient management of complications. In addition, physician experience may affect management of complications. In the case of a less experienced surgeon, the PBCCRS can be utilized as a means of tracking personal complication rates, stratified by management and severity. The surgeon can then use this data to provide their patients with a more realistic glimpse into the postoperative period, and, ultimately, to improve postoperative satisfaction. Additionally, the inexperienced surgeon can compare their personal complication rates to their institution or other institutions using our reporting system.
A reporting system used to objectively separate major complications from minor complications may also lead to discrepancy between institutions. For example, some institutions may then manage a complication deemed "minor" by the grading system, in a "major" way (ie, inpatient management, reoperation, etc.). Finally, complication rates likely vary when operating on a particular region of the body using different techniques. To help alleviate this discrepancy, we have already suggested dividing upper and lower body lifts into their individual components. In addition, one may choose to further delineate the technique utilized by selecting a provided subcategory or by writing in the technique below the described body area or under the category "other."
CONCLUSIONS
Despite selection of studies which were inherently similar in their patient population, surgical technique, and other factors, analysis yielded large discrepancies in postsurgical complication rates. Although it is possible that there may be some small differences which were not considered, we feel that the large differences in rates of these complications amongst the similar studies are best explained by differences in how complications are defined and reported between institutions. The Pittsburgh Body Contouring Complication Reporting System will provide a standardized method for reporting and defining complications, which will allow for better comparison of complication rates across the across multiple plastic surgery centers.
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